Abstract. Background 
Cell culture. PC12, a cell line derived from a pheochromocytoma of rat adrenal medulla (4), purchased from Riken Cell Bank (Tsukuba, Japan), was cultured in DMEM supplemented with 10% heat-inactivated FBS, 100 units/ml, penicillin G and 100 μg/ml streptomycin under a humidified 5% CO 2 atmosphere.
Induction of differentiation toward neurons. PC12 cells were inoculated at 3×10 3 cells per each microwell (0.32 cm 2 ) and incubated for 1 day to allow complete cell attachment. The medium was completely removed by suction and replaced with 0.1 ml of differentiation medium (serum-free DMEM containing 50 ng/ml NGF). Cells were then incubated for 3 days to induce neuronal differentiation characterized by neurite formation (referred to as day 3 cells) ( Figure 1 ) (20) . To induce more mature cells, cells were inoculated at 2×10 3 cells per microwell. After 24 h, medium was replaced with 0.1 ml of differentiation medium and incubated for 5 days [overlaid with 0.05 ml of differentiation medium (100 ng/ml NGF) at day 3] (referred to as day 5 cells). We adopted this overlay method since conditioned medium contains nutritional factors. Differentiated cells were defined as the cells in which the extended neurites exceeded the longest diameter of each cell, assessed under a light microscope [EVOSfl; ThermoFisher Scientific, Waltham, MA, USA; described in Figure 1A of (21) After incubation for 48 h, the viable cell number was determined by MTT method. MTT concentration was reduced from 0.2 mg/ml to 0.1 mg/ml, due to its cytotoxicity towards neuronal cells (20) . The cells were incubated for 1 h, and the formazan precipitate was dissolved in DMSO and the absorbance at 560 nm was measured (which reflects the relative viable cell number, more precisely cellular mitochondrial activity) with a plate leader (Infinite F 50 R;TECAN, Kawasaki, Japan).
Statistical treatment. Experimental values are expressed as the mean±standard deviation (SD) of six determinants. Statistical analysis was performed using Student's t-test.
A p-value of less than 0.05 was considered significant.
Results
Drug-sensitivity of undifferentiated PC12 cells. Docetaxel showed potent cytotoxicity towards undifferentiated PC12 cells ( Figure 2 ). The 50% cytotoxic concentration of docetaxel (CC 50 ) was below 1 nM in all three experiments (Exp.1, 2 and 3 in Figure 1 ). The potency of neurotoxicity in undifferentiated PC12 cells was in the order: docetaxel >SN-38 >doxorubicin >etoposide >melphalan >5-FU >gefitinib >methotrexate (day 0 in Table I ).
Drug sensitivity of differentiated PC12 cells. Neuronal differentiation was induced by addition of 50 ng/ml NGF in serum-free DMEM (Figure 1 ). PC12 cells pretreated for 3 days with NGF showed prominent elongation of neurites, characteristic of neuronal cells (Figure 2 ). Day 3 PC12 cells showed strong resistance to anticancer drugs, as evidenced by elevated CC 50 values compared with undifferentiated cells. Doxorubicin showed the highest cytotoxicity, followed by SN-38, docetacel >etoposide >gefitinib >melphalan >5-FU and methotrexate (day 3 in Table I ). was again the most cytotoxic, followed by SN-38, docetacel >etoposide >gefitinib >melphalan >5-FU and methotrexate (day 5 in Table I ).
Relationship between drug-sensitivity and cell density. When the CC 50 value (left column in Table I ) was plotted against the control cell density at the cell harvesting time (right column in Table I ), it became clear that cells had already acquired drug resistance in the first 3 days, and kept a plateau level of sensitivity from day 3 to day 5 ( Figure 3) . Cell resistance to docetaxel was the most remarkable (more than 10,000-fold at day 3; more than 10,000-fold at day 5), followed by SN-38 >melphalan >etoposide >5-FU >doxorubicin >methotrexate >gefitinib (left column in Table I) .
Discussion
The present study demonstrated for the first time that PC12 cells acquired resistance to many anticancer drugs during neuronal differentiation induced by NGF, and the drug sensitivity reached a plateau at 3 days after NGF treatment.
The most dramatic change in sensitivity was observed with docetaxel, for which cells acquired more than 10,000-fold resistance during differentiation. Mode of growth inhibition was different between taxanes and other agents (doxorubicin, SN-38, melphalan and etoposide). Taxanes, such as doxetaxel ( Figure 2 ) and paclitaxel (21) , were cytostatic, whereas the latter compounds were cytotoxic. Taxanes are well known to inhibit calcium-induced depolymerization of tubulin and thus in vivo 32: 765-770 (2018) 768 block the progression of mitosis (22) . Our preliminary data indicate that differentiating PC12 cells grow very well even in the absence of serum, when NGF was provided (unpublished data), suggesting autocrine production of growth factors. This observation was the basis for the present simplified overlay method of neuronal differentiation. We avoided medium changes, which may cause some detachment of cells from the plate. It remains to be investigated whether the acquirement of docetaxel resistance during differentiation may be due to the production of such growth factors by differentiating neuronal cells, or the formation of a tight neurite network. The present simple assay system may be useful for studies seeking neuroprotective substances and investigating the interaction between neuronal cells and other cells.
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